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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the long term 
reliability of a transistor by carrying out ion implantation 
of fluorine after the formation of a source-drain region 
and then carrying out a heat treatment to suppress the 
slow trap. 

SOLUTION: First, gate electrodes 20, 21 are formed on 
a silicon substrate via a gate insulating film. Then, one 
conductivity type impurity is introduced into the gate 
electrodes and into the surface of the silicon substrate. 
Continuously, a first heat treatment is carried out. Then, 
after a silicon nitride film is formed as desired, fluorine is 
introduced into at least the gate electrodes 20, 21, and 
then a second heat treatment is carried out. If the 
second heat treatment is carried out in a predetermined 
temperature range after the introduction of fluorine, the 
SI-H bond and dangling bond of the silicon constituting a 
channel region 26, etc., are effectively substituted by the 
introduced fluorine to form Si-H bond so that the slow 
trap and hot channel effect can be suppressed more 

effectively. Further, the fluorine 24 having no contribution to the bond can be reduced and the 
deterioration of element characteristics can be prevented. 
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E«»iL/<«5~30keV. 36(cJT3;t<«5~ 
2 0keVi-T4. C©ct^^-f=j->aA^#i1-SC 

{C«A^-&Ct*s-CtS. 

[002 9] ^S£tfta{C<fc-5«^tt. fci*«N F,^ 
©7 9*d#^it>T?IS«Hir4tl>5*j£3&Jj8l»6*i 
««Hlfi«ttA:iit«7 0 0~0 5 0'C. H$L< 
«7 5 0 ~9 0 mBMMlSUfiltStifZtV 
-X • F W>M$©^^#tfKg5S*&tf-rit£# 

[ 0 0 3 0 ] 7 » JR»A«©*-©l|jHratt. 7 9 «« 

ia»s«ry-hifi«H©«*«:»tt3-&. c©m^« 
©s/ 3 >©*»4«ft$W(c s i - FM^Kig^-r -5 
fc«?>ictT*Dn5fc©-c*^. »-©^.MS©^ffijag 



(6) 

9 

t2. *?£L<t25 0 0~9 0 0*C. 36K:*?£L<tt6 

oo-soo-ci-rs. mwmumtfintz zt. 7? 

JlWm^ltlW Wf £ & o fc 9 . S i - F 9 
&7 95&©l£ftfc#&5fcLTS i -Fig^^CC^S 
h&t,>c£#&.5. £/c. *P>^#&tt£?ltigC-f 
3 6tc. v-X- FW>flM®7ffgtit 

7 9S#? + *;U^$^£IMrS^y:3>©S i - H 10 
»^t»y>^y>^>K«»»WK«ftU"CS i - F 
<S£*£« U x p - h 5 9 » h f - +• *;H56S£ 

[003 1 ] *»WK:*»«,>T7 ?JK»AJUcWbt"; =1 
»g?r^(S-rSt|^«. &0J££LP (Low Pressure) 

cvDttKj:«)ff5ci3Wff*oi>. cntcfcoii©® 

0~7 5 0 o C±U J£WM0ttl^7iM0£T*e4j&« 

ww>. cftKj:9gt©««tt*Hii*Lfc;&**e£ 

[003 2] #2£8J«. y- httSOlftfO . 2 nm&L 
T©MO S F E T-^y- F «&**!©«## 4 n mKTO 
MOSFETfc*|LJWt^1$K»«<rC**. C© 

[0 03 31 *^(2. pMOS. ttfCpimt**. 30 

w«cxn-h^9^©wa*»9i-e*4. pmos©js 

nMOSfcJtK(/CFW>««lWIW/J*S<. X 
p-F79^©I»#*S<&D^t^6^a*. m 
Kgl^t^^SOpMOSttt, ^^*JHHKB4ftt» 

6(c{2MiI®E8 k e V«T©-f ^vaAtttCtOat* 

l/cj»^, -ji»»«kx o- f 9 9 y©rae*)s^-c 40 

[0 03 4] SJ^ftQ&nMOStC&ffll/fctft&iC 
12. XP- Y*7v7<J>m\ii*i i>tsL6*v Vxu? h 
P>^S©WS*5W^(Cj!?^an5. nMOSttpMO 

rn>»#*J»»itt*]&»6-C*S. C©»£. v-X 

• h'u^>mm<D^mmtbxitmm. y >. r>^* 

[0035] 

[Jtttffl] &M.0U so 



^2 00 0-2 6 9 49 2 
10 

*JBStWtt. #f691£CMOSSl$g:/P-feXK:®fl!Lfc 
09*^-r*>©-C*S. «T> Hl-*4*#JHt/OMI!T 

i. 

[0 03 6] £?mi (a) ©«t5tc. i/VxyW&l 
±(CST I (Shallow Trench Isolation) 
■K2*8ai/ft:tt. nMOSilSWU^|«7^ 
*3*RW. pMOS0fiR«ig{K:y>4^*>aAO 

XFvx*3£gSbfc$*. IISffiltEiiSI©fc&©* + 
*^fl!*iffi^£l/TAs£aAL/c. -^>aA&# 
(2. JfoitmElOOkeV^ F-X17X l C'cm" 1 

[0 03 7] &CVCH1 (b)©J:5{t. pMOSJ&£ 

P>£4*>iiAbfc„ cntcJcOpM'Jx^e*^ 

KPS&©/c&© * + * ;Uffl^*fiig3 <t I, T # P > &&A I, 
fc. * >z£A^frt2, UOjma 30keV. F— Xfi 
8x 1 0 1 ' cm-'Hfc. 

[0038] o-3t>T8 5 0"CV'Uni>x-v £®fb 
*fft». iitt««©^StC|f S 4 nm©y- hWUI7 

tjBAt/fctt. 3 > 8 %mm 1 5 0 

-->^ufc (01 ( c ) ) . &y- h^s©y- hfi 

120. 18 itmilfc. 

[0039] ^5C02 (a) tCfjktJzSK., nMOS0 
l^X F -7X t> 1 2 SrfgttT p MO SBfm® 

«t-f=j->aAu jn?gg©^*E^aA3nfcv-x • 

SWBF.iL. SniiSE5 keV. F-Xfiixi0 
"cm-'il/fc. #y,»rU5>* rVX* 1 2*g|Lfc* 
* » r W* 1 4 Bm<Dtc#><D A * >SA^f ofc. 
C©-r^->aA(2£EAftS 5 £2 5g4T*I5|*te&A£K: 

keV. K-X12xiO"cm-'iUc. 
[0 04 0] ^(C02 (b)(C^TJ:^{C. pMOS^ 

K>r^>aAL/. Kjgg©^B^aA3n/cv-x • 

FW>x*X:r->i/a>^$l 6*^fiSL/c. 
»2A siL. ttfilSEE 1 0 k e V. F-Xfi4 x l 0 

F^l 7Moyt6©^t>ftA«fofc. 
C©^^>aA»aAftS^2 5®i-rSI5IISaAffi(C 

OkeV. F-XS4X 1 0" cm-'iLfc, 
[0 04 1 ] F9*-;H SfcJraftr-f F-5 

*-jh g^ftio^fcto^o. y- Fms2 o 

*5<t!>'y-FmS2 l*0fiSb/c (02 <c> > . 0-3 
t>T P MO SJ&£&JgHt*P >© jJ-^A^tf 
CttKctOy-X- FU-f>«g^2 2©)f^<!:y-Fm 



(7) #812 00 0-2 6 9 49 2 

11 12 

@2 O^OW&WZAtfmmtcfiiointc (02 * 5 (b) ©<fc5&C&S„ Tteb*?+*Jl'fWI2 

(d) ) . #P>i£A3#tt. JHMEE5 keV. F— fitf^^y 3>©S i -H*££-*>y>yy >^;K> F# 

XS4X 1 O^cm-'il/fc. ^ffJK? 9fg-Cgg|;*ftS„ 

[0 04 2] o~5t,>TnM0S^fi£&i$Kfcj&<ZM;i-> [0 04 4] o-3l>T3^;U hjg&*><? * >;>^tC 

SAfcfTofc. t*iK:,J:9 v-x • FW>&i8i2 3© <t»3^l//c^ ^a*SStCi{cJ:») h^'j 

JftiUy- hm@2 1 ^©^^JgAtflalBmTfcftfc F 2 7 fcJ&ljXUfc (04 ( a ) ) . asm hi")? 

(02 (d) ) „ #D>£A3i#H:. jJfljimEE5 0 k e -YF27»> 0^Lfc<fc5«:y- r-m@*s<fcc*V-X • 

V. F-XS6X1 O-'cm-'tlfc. COE SSfi# F W>^Lt»j&3nS. 3^ hfVlNf F2 7 

HMT. 1 0 5 0*C 1 0#H©RTA (Rapid Thermal ©M/*«*-j3 5 niifjl-jfc, 

Annealing) tmZftKK V-X • F U-OWMjJcCF 10 [0045] 'X<,cmmimi&t LX±MiCB PS G ( 'J 

y-hmS^o^e^^rStt^L/c. 02 (d)ttcc >#n>#7X) m2%*Wffi&, n>*i> F*-;U£ 

£?©Ifl£&7b/ctta!£^-r. ISW. &*0©CMP (Chemical Mechanical Wishing; 

[0 04 3] #<,>-C03 (a) Kiict &>>K±WK-7 » ft¥titRttft§F&) -fu-kZlCj:*) *>y*^>y?y 

^2 4©-(*>aA?:ff-3/c 0 iSA^m*. JflJiimEl 2 9e^U (04 (b) ) „ •£©&. &*0©;£&fC 

OkeV. K-XI3X1 0 11 cm"'il/fc. C<D$ift £*) IBfflmZBtfiL. CMOS£3a£bfc„ 

T-(*>aAtte^. 7 ?^©?Faitty- F^ffifcJ: [0 04 6 ] £Ui©;££££9{l;$?UcCMOSft^£ 

$£a&. 03 (b) K.7K?z*>K.mmm%.T. 70 fc. ±ie©fe©jawc7 9^AS££Mi<i'c*>©fcp, 

?gttt&j£tfcu y-h&M^irF©***;^^ 20 -r. iien^-csiigtfcpMosttNo^Kim^ 

6(CfiJjtTS. * + *JU«*2 6SltlflW-aS'»;:3> £„ N0.4&7 ?Jg£^*>^L&t>g^©pMOS 

tt. 05 (a) ©<fc5tc\ T&* 0 

*». &4^«*^©S$^#L/c}g!lli^oTC^ [0 04 7] 
*5. cn6«^Tnfe7?^{C<t»)^{Cg^$<l. 0* [HI] 



NO. 


K-Xft (cm- 1 ) 


(keV) 


1 


6X1 0 ,B 


1 0 


2 


3X1 0 1B 


1 0 


3 


6X1 0 14 


1 0 


4 


*L 





MR2. 2 0 0X:#ffiSiKj&gLfcKS©ftfiifiE©gIfr o/c. 

£«JJ&rSc;tK:J:DtTr>fc. C©<fc5&iiiaT{d&g [0 0 5 1 ] :>X^V3'Vl>h&>S:Zrt 

y#>F*»»£l,«>T<. XB- r-5 9?<Dft£#(8jt ^F2 7*JBSLfc (07 (a) ) „ 3aOU h^y-^-f 

sn. KfflmE©^{b*iA# < kz. -?tj:t>*>*mmm f 2 i<Dmm \ms 5 nmiuc 

oM«B^a-h7f -ftmoumzmtteZo mm [0052] •-xdcLP-cvDmK.^^m^^^y 

mmzmeicTnt. *&w<oi3&zmMcNo.i^3 mm dgjisonm) zimutc (07 (b) ) . m 

it. '&&mtO:Zm.4«:ti:*<m®mK<mW} (AVt JiS&«6 3 O'Ct L/c. 

h) *J/Js§< > XP- h^^^iffllSlJ^nroSCi^ [0053] %t,»-CH7 (c) (C^-rj:^{C^ffl{C7 9 

fc* 1 *. 40 t2 4©-f^>aA«f-?/c. aA^#». MsmEi 

[0048] CMOS©pMOStCOt,vrxn- OkeV, K-X15X1 0 ,, cm"'il//c, 

tfc. *';riwi- uytczzmmmEogshzmi [0054] ^cmmmmmt uremic b p s g ( y 

Tt*<H>53&*W#e>ttS. >^D»t/7^) 2 8*JtSfg (08 (a) ) . ^<D± 
[0 04 9] mmi Fvx*3 1 *Ktt (08 (b) ) . F5-fi 

7^^©w'^>aA?:^i;3>^{bJg^fa{cff( f > % 7 9*>ytC < fc9:3>**h#-;U3 2£0»j£Uc (08 

7^aAfa©^S5S5:tft)^*»o/cCim«||*6W]l (c>). F9-fi»*>*tt. C.F.KCO. A r. 

(no.2) ii^fftorcMos^ssufc. * o.^anucxy^^y^x^^rfTofc. c©x 
[0050] trmmm 1 ©0 1 -2 tmmoxm^j so v*yvmmm< . a >g{fcii£jiiRr*jftx „ 



13 

SCttfTSS. C©fc&08 (c) 
BPSG&2 8©x??>ytt > $/>;3>Sftll3 0± 
m±f£. BPSG^2 8©®JIttl OOnmUgi 

mmvabztcib, ±&3-v?>>f<D^ -mm&.<D*- 

»*>yffljfcK£LT^y3>»l**Rtm»Sfc 
[0055] BPSG*2 8*X9^>yi/fca. 
Ofc. COiti^^y^iUCHF.O.fcJ; 
a-** HS/yiJ--fF27J:»)tS/ya >gfblg 3 0 £3 
3'Wh^y-y-f F2 7±Tfft±fS (09 (a) ) . 
FU-f>0«Wx»^>i'S*ir«»y-d'«4*9l# 



[0056] i»f>»71. uy^hv^47 3 1 * 
R*U jri;>yt6(cj:0T iM3 4 (g| 

SlOnm) , Ti N^3 5 (If 50nm) £C©Ji 
TltSOfc. *©«. aBRSH»TCRTAffiK:j:»>6* 
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* 9 0*C3 Qffl&<DT--)Um*ftr>lL. C©<kt. ^ 

iteSiS7i:T©9 i i'*^jgE2 e {ciders, ctitcj: 

9****&$2 6*fl&a-fSJ/>J:3>©S i-HIS£ 

*y>y y >y#> f aerate? vrnvmrnnz. 

[0 05 7] il^-CXXyfujyiffflc&l&WtCji 
>y*r >3 6*li£t,fc& &fcj©CMPyn-fe*ft 
,tH>^f>^7WU. *©«. &&©# 

10 [0 05 8] £Lh©*ffi{C«t0faiOfcCMOSK^* 
n4pMOSK-3l,>T, H^a-F7?^1$tt«fNfU 
/c„ i¥ffil//cFET£3|2CCjn - t. ±ie©ycHzX(C<fc 
9fE»t/fc6©#N0. 1 T$>5. _tC©6©£0|-<C7 9 
SK*-f*>aAU*t>pMOSfefifti-rfPffibfc (NO. 

2. 3). No.2tts/yn>MblH*»fi!Sbaci,»^a* 
*K<fc9#6ftfctfefc©cMosr*9. §u©no.4 
&iQtt©6©r&&. No.3t2$/ya>afiJi^i!Kr 
^ya-fe^{cj:»)f#6nfcCMosr*y. 07 (c) 

©7 7^AXg%trto&3&>ofcC4tW«N0. 1 £|i] 

20 micbxftmtittb<Dv$>z>. 

[0059] 
[*2] 



NO. 








-*S (cm-») 


mmwE (kev) 


1 


5X10 14 


1 0 


2 


*L 




3 


*L 





ffffK. 2 0 0 X^IBjll{CttKL^R©Mffi«E©SQtt 

Lfctte. y- hj&t»>?+ ^ jhhc4>(c y> y y > 

0 1 *^W©*S*ffll>fcN0. 1 tt. NO. 2 . 

;WW3*iTt>SC *fc^|{SM©yn-fe 
i*»Tt. S6K7?«»A«©IWIHl*fl!i©ie (* 

mmvitj i /t i NBmm0T--tojo&) <dm 

[0060] &±> CMOS©pMOS{COHT*a- 
#9 hxu* hn>CC<fc£|9ffimE©»£:ffllfiHj 

[006 i]^. ±ES»0irttCMOsjBayo-b^ 

*0|JC£oT8BWl/fc#. DRAM^, f6©y/w^© 



30 [0062] 

[&jg©*Ml] £U:©J:9tc##MI§«:j:htf, v-* • 

Fu-f >fi^»)Sft cc ? » *© ^ * >ax*m » . *© 

SftftagfT 5 fc«>. * * *;HHfff©3/ y 3 
7**fc<fc"JJHl$KJK:g&3ti* 0 C©fc«>*a-h7 

<48S3> f f *.©^t«WWcMJhT* C i 
[0ffi©tSWcCl8BJ] 

40 tan *iBw©^!i«:iia©«ji*s*^rig»riB 
0-c&*. 

[02 ] 4^©^»4^©H»^^xsKie 

[03 ] *»i«©*#«^a©»jS*a*^lSBriB 
0-C*4. 

[04] 4^©¥«Kt«a©Ha3Srt»^zatra 

0f*S. 

[0 5 ] is y a >$WV©tt£*|jHlir Sfc»©H"C* 

s. 

50 [06] $2&E©2affl{c<fc o - h 5 » y%#^** 



(9) 



2000-269492 



15 
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SMITH-*- T <f_ >K/r\t7Jl~r> -fc vir 


1 >l 

1 4 






1 5 






1 D 




ritato 1 -Jr 23tUCI /7-\ ilZ i4* At**fc£93/r\ftrl^fc-irv-f- * ^.-A — rfSf&CTK? 


1 7 






1 8 


it, > I* J- .» 




1 9 






2 0 




[010] J^OSffltCiSXO- h7 ?:7Qfc##J5l 


2 1 






2 2 


y— * • hU>( ^0J$ 


vn^<DWLwi 10 


2 3 


y— -X • h U<f »/figiS 


1 y'j3 ^5iS 


2 4 






2 6 




3 L/yX hv^7 


2 7 




ji . ifjt ,1.. t i 


2 8 


BPSG (U >?J<n>^/'7X) H 




2 9 




6 pSv^JL' 


3 0 




7 -r— FSiltM 


3 1 




8 WSfti/ija> 


32 




9 KW>«tt 


34 


TiH 


1 2 UvX h7X7 20 


3 5 


T i NHS 


13 V-* • fls<t>X9Zf->i/M^Wtt * 


36 




[01] 




[03] 



(pMOSRfiSfMS) (nMOSBfiES*) 



(a) 









J 







(b) 



n£!4zJL 4 



pS")iA 6 



Tl 



Cc> 




3 

2 
1 



pUQS IM0B 




(b) 



80 2fi 

^ 



29 

41 



(10) 
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[02] 

(pMOSKJftgJtt) (nMOSj&fcfti*) 



(a) 




[05] 

H 
I 

-Si- 
\ 



F 
I 

-Si- 
I 



I 



Ufr'JLHB 



(b) 




(c) 



20 21 



(d) 




[08] 



(b) 



(o) 



s 

















[06] 



o.i 



> am 



OjOOI 





— 1 


#3 




i 

> 




< 









[07] 



1 10 100 1000 10000 100000 



a N0.1(*8Ha>*ft) 
o NO.3(*Jttf0)X&) 




(51)Int.Cl. 7 mtiBft FI T-n-V (#*) 

H 0 1 L 29/78 3 0 1 F 



F#-A(##) 4M104AA01 


BBOO 


BB20 BB25 BB40 


CC01 


CC05 


DD04 DD37 DD55 


D080 


DD84 


DD88 DD89 EE06 


EE17 


FF14 


GC10 HH18 


5F040 DA05 


DA06 


DB03 DC01 EC01 


EC04 


EC07 


EC08 EC13 EF02 


EF11 


EH02 


EJ03 EK05 EL06 


EM01 


EM02 


EM03 FA03 FB02 


FCOO 


FCL3 


FC15 FC19 


5F048 AA07 


M09 


AC03 BAOl BB06 


BB07 


BB08 


BB12 BC06 BC07 


BD04 


BE03 


BF06 BF07 BF16 


BG14 
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